Medical Aspects of Aerospace Travel
During the 1950s military aircraft in France and the United Kingdom developed along almost identical lines in that supersonic fighters were developed together with delta-plan research aircraft capable of speeds twice the speed of sound (Mach 2). At the end of the decade, discussions between the British Aircraft Corporation (BAC) and Sud-Aviation of France (SUD) resulted in suggested designs for a supersonic transport aircraft (SST). With official badking from both governments, the Anglo-French Concorde Agreement was signed in 1962. At first, the development costs were estimated to be between £150 and £170 million, the costs to be equally divided between both nations. The total costs for research and development are now expected to exceed £825 million! It was obvious from the start that formidable physiological problems would have to be overcome before the aircraft could carry fare-paying passengers at the heights and speeds contemplated by the designers. For example, it was proposed that the aircraft should carry between 120 and 140 passengers at a cruising speed of Mach 2 (1,320 m.p.h.) and at a height of 50,000-65,000 ft (16,000-20,000 m) over a range of 4,000 nautical miles (7,500 km An immense body of aeromedical thought and effort has therefore been built into the Concorde project and as a result a considerable debt is owed to a large number of specialists and research centres in both countries. No previous aircraft has been so thoroughly studied from the environmental and physiological standpoints. The following are only some of the problems which have been discussed by the Aeromedical Group.
High Altitude Exposure Due to the high cruising altitudes of 60,000 ft (18,300 m) and over, Concorde could present serious problems should there be a significant loss of cabin pressure at high altitude (Nicholson & Ernsting 1967) . It is known 'that 100% oxygen (Table 1) gives adequate protection to the healthy young adult to about 40,000 ft, (12,200 m), but above this height pressure breathing must be employed to maintain consciousness. In addition, body fluids will boil at 63,000 ft (19,200 m) .
There is now physiological evidence to show that impairment of intellectual performance which is apparent at 5,000 ft (1,600 m) becomes (Gedye 1964) . For this reason, it has been decided to depart from the current oxygen requirements for flight crews, particularly in view of the reduced time available for crew decisions of a nonroutine nature, having regard to the speed and environment of the aircraft (TSS 1970).
Franco-British requirements state that the cabin altitude should not exceed 15,000 ft (4,600 m) after a reasonably probable failure (1 in 103 to 1 in 105 flying hours), and that it will not exceed 25,000 ft (7,600 m) after a remote failure (1 in 105 to 1 in 107 flying hours) and will exceed 25,000 ft (7,600 m) only after an extremely remote failure (less than 1 in 107 flying hours). Recent design studies have shown that the structural integrity of Concorde will be such that a serious loss of cabin pressure will be very remote. The situation, moreover, will be safeguarded by the use of multiple air supplies, small diameter cabin windows (less than 6 in. (15 2 cm) diameter) and small multiple discharge valves.
A typical emergency at 65,000 ft (19,800 m) resulting from, say, the loss of a rear cabin window and emergency descent commenced within 30 seconds would result in a maximum cabin altitude of less than 25,000 ft (7,600 m) in about 3 minutes, declining to about 15,000 ft (4,600 m) in 6&5 minutes after failure. The normal in-flight cabin pressure would be equivalent to 5,000 ft (1,600 m).
A one-handed quick-donning aircrew mask (Fig 1) has been developed and is at present being manufactured by Intertechnique of Paris. This is a unique type of mask in that on the pilot removing the mask from its stowage, the harness inflates to a rigid loop allowing the mask to be quickly donned. On releasing the latches on the mask, the harness deflates (Fig 2) and the silicone rubber elastic loops draw the mask firmly to the face. The mask is designed to allow pressure breathing up to 30 mmHg (Fig 3) and tests have shown it can be donned easily within 5 seconds and communication re-established within 7 seconds. Some further development trials are planned including some decompression chamber exposures. The question of smoke goggles has also been looked at in addition to the possible development of a special communicating head set.
In the case of passengers, the conventional drop-down masks operated by a barometric capsule operating at an altitude not above 14,000 ft (4,300 m) will be fitted throughout the passenger cabin and in the toilets, &c.
Ozone It is known that ozone concentration increases (with seasonal variations) to about 90,000 ft (27,400 m) in the upper atmosphere. At SST cruising heights on the north Atlantic routes up to 10 parts/106 of ozone can be found (Bennett 1965) . Ozone is of course toxic to human beings; concentrations of 0-6-0-8 parts/106 breathed for three hours or more will produce alveolar cedema and impairment of lung function (Young et al. 1964 ).
Professor P J Lawther of the MRC Air Pollution Unit has been carrying out work on this subject and has given a great deal of help to the Aeromedical Group on this and allied subjects. Research at the Royal Aircraft Establishment Farnborough has shown that the thermal decomposition of ozone, where nickel brazing is used in the heat exchanger, ensures that 50% of the ozone is broken down at 300°C and 100% at 400°C. Further work has also been carried out at RAE Pyestock where high concentrations of ozone have been injected into an Olympus engine and the concentrations in compressor tapped air measured.
Although the Aeromedical Group have set a top limit for ozone in the passenger cabin of 0-1 parts/106, this may be slightly unrealistic. Only on rare occasions for periods of ten minutes or so would cabin levels reach 0 2-05 parts/106 under the worst atmospheric conditions (February to May in the northern hemisphere). It is not expected therefore that passengers or aircrew will be harmed in any way. In addition, clothing and other materials would absorb much of the free ozone in the cabin.
Thermal Environment At supersonic cruise SST aircraft are subject to high kinetic heating loads, skin temperatures of 120-150'C along the nose, leading wing edges and fin being experienced.
These high heat loads have necessitated the use of a double wall structure with high airflows between the walls to produce passenger-cabin cooling. Large air velocities are required particularly on the flight deck where there is a large heated wall surface to volumetric capacity. The cabin thermal range will be between 24 and 27°C, the latter with only two air systems operating. It is also intended to provide flight deck humidification which is a BOAC requirement. By maintaining good temperature and humidity levels (30% r.h.) we believe that pilots will be maintained under the best comfort levels whilst performing their complex tasks.
Radiation
We are fortunate as earthdwellers that we are shielded from cosmic radiation by the umbrellalike action of the atmosphere which filters or breaks up most of the damaging radiations. There are two types of natural radiation in the upper atmosphere and outer space. The first is galactic radiation which is thought always to be present in our galaxy. Its origins are unknown but its intensity is reasonably constant. The crew and passengers of an SST aircraft would receive an average of 1-5 mrem per hour (Fig 4) in northern latitudes from galactic sources alone (Hepburn 1966) . The second source of radiation is from the sunsolar radiation. Solar disturbances (sun spots) occur roughly in four-yearly cycles and on occasion they send out great streams of protons and other ionizing particles which may encounter the earth in its orbit or may, because of their energy, penetrate the earth's atmosphere. Because of magnetic fields in space and around the earth, much of the radiation may be trapped and enter the earth's atmosphere, mostly at the polar plateausthe southern polar plateau is seldom used by civil aircraft but the northern one is used regularly. In the giant flare situation, the background radiation level could increase rapidly to between 400 and 2,500 mrem/h (Wilson 1966). The only adequate protection is shielding which obviously could not be carried on board an aircraft as it would increase the payload so markedly that its operation would not be possible. The alternative is to descend to a more protective level in the earth's atmosphere. The crew must have some warning that it is necessary to descend and when the descent can be safely discontinued. This system can be ground-based, aircraft-installed, balloon-borne or fitted in an earth satellite.
The Anglo-French Concorde Committee decided early on an aircraft-carried warning system. This was developed largely by the UK Atomic Weapons Research Establishment at Aldermaston and consists of a detector unit housed in the passenger compartment and a display unit on the flight engineer's panel. The radiation at SST altitudes are neutrons and ionizing radiation (mainly protons) and these are measured separately, the neutron component by a boron trifluoride (BF3) proportioned counter and the ionizing component by miniature Geiger Muller counters.
The Medical Research Council have advised that a dose rate of 100 mrem/h should be the level at which descent action should be taken by the captain. As a forewarning an additional 'alert' warning is built into the equipment operating at 10 mrem/h which illuminates an amber warning light. When 100 mrem/h is exceeded, a red 'action' -light on the aircraft's central warning system is actuated, necessitating immediate descent. In addition, the total dose rate for the flight is indicated digitally on the dial. The International Commission on Radiation Protection (ICRP) has recommended the following maximum permissible doses (MPD): (1) For radiation workers an MPD of 5 rem per year and a maximum of 3 rem in any period of 3 weeks.
(2) For the general public an MPD of 0-5 rem per year. These are acceptable levels against which to compare the cosmic radiation of SST flight.
For the general public this would allow something in the region of 61 round trips per year by SST aircraft on the north Atlantic. Clearly very few travellers would achieve such a figure (ICRP 1966) . Aircrew are, however, in a different category, as assuming the average pilot achieves a maximum of 85 flying hours per month he could in this time complete eleven north Atlantic round trips. Allowing two months for leave, training, &c. he might achieve 110 round trips per year. Davison (1968) has estimated that a pilot achieving 160 round trips per year on the north Atlantic route would have a total yearly dose of 1-3 rem. This compares very favourably with the ICRP-recommended maximum of 5 rem per year for radiation workers. Prototype crews are at present wearing film badges and undergo routine blood examinations, but it is not thought necessary to monitor airline crews in this fashion when they fly production aircraft.
In addition, the Space Disturbance Forecast Centre at Boulder, Colorado, has for the past three years been transmitting daily forecasts to airlines on cosmic radiation particularly regarding proton flares and developing radiation disturbances. These appear to affect the ionosphere but not the levels of the earth's atmosphere around the 50,000 and 60,000 ft (16,000-18,000 m) levels at which SST aircraft will fly. Nevertheless, this information will be useful in flight-planning SST routes in the future on a day-to-day basis.
Noise and Environment
Aircraft noise has caused great controversy throughout the world since the introduction ofjet aircraft and has in many countries resulted in bans on jet operation at night which have seriously affected the ability of airlines to operate effectively. The SST aircraft is no exception to this and in the present climate of public and political opinion it must be demonstrated to be acceptable with respect to pollution, be it by smoke, noise or induced climatic changes.
In 1969, the Federal Aviation Agency produced noise requirements for subsonic transport aircraft (although SSTs were excluded) and these requirements are now law in the United States.
Briefly, the rules apply to approach, sideline and take-off flyover noise. On the approach the maximum permitted noise is 102 EPN dB (effective perceived noise decibels) for aircraft weighing up to 75,000 lb (33, 750 kg), ranging up to 108 EPN dB for aircraft of 600,000 lb and over (270,000 kg) . Measurement is made one nautical mile (1 -85 km) from the threshold on the extended runway centreline. Sideline noise limits range from 102 EPN to 108 EPN dB according to weight at a point on a line parallel with and displaced laterally 0-35 nautical mile (0X65 km) from the extended runway centreline for four-engined aircraft. Take-off and overflying noise limits are between 93 and 108 EPN dB according to weight, measured 3 5 nautical miles (6-5 kin) from the start of the take-off roll on the extended runway centreline. While these limits seem a noble hope it is pertinent to examine present noise levels in Concorde and two subsonic transport aircraft in Table 2 . A great deal of work has been done by SNECMA since the inception of the Concorde programme in 1962 to reduce engine noise and more than 250 models of silencers have been tested in the open air at Villaroche, France. The makers are convinced that production Concordes will not be any noisier than present subsonic jets and the proposed airport bans on noise in some quarters in the US and elsewhere will not be justified. Such limitations might result in political repercussions between the affected countries.
As regards sonic boom, predictions of overpressures of 2-5 lb to the square foot have come out as roughly estimated. Sonic boom results of course from the pressure waves of an aircraft flying faster than sound ( Fig 5) . As far as Concorde 6 is concerned, the double pressure wave will be felt on the ground as the aircraft passes a speed of Mach 1-15 on the climb to supersonic cruising altitude. During this period the aircraft will be relatively low and heavy when the boom overpressures are at their maximum value. Thereafter the boom falls off to a relatively low value on the cruise and airlines aim to carry out the early stages of transition to supersonic speeds well clear of populated areas and thereafter along the shortest route between departure and destination (Andrew 1971 ).
The focused boom or 'super boom' is generated when the aircraft is accelerating and can also be caused during prolonged turns at supersonic speed. Much therefore depends on the operators of the SST if they are to avoid community and political pressures. Some governments would seem adamant at the moment against supersonic flight over land and the operation of SST aircraft at supersonic cruise may be limited to trans-oceanic or sparsely populated areas of the world.
Much controversy has arisen regarding smoke emission and unburnt fuel from jet engines, one authority asserting that 104 tons of unburnt jet fuel is voided by aircraft every year around London Airport (Holmes 1971) . Olympus powerplants are already running at the very low figure of 2 Hartridge smoke units which is in fact an invisible heat haze. According to BAC, 'pollutants from all air transport account for less than 1 % of total industrial air pollution and will continue at this level. Turbine-powered aircraft offer the cleanest known practical means of transport.' Concern has also been expressed regarding the introduction of large quantities of water vapour into the stratosphere and that subsequent contrails will affect the world's weather. This is extremely unlikely as, due to the very low relative humidity, dissipation of contrails and cloud formations will be rapid. Similar charges have been made that SST operations will deplete the ozone layers of the upper atmosphere, allowing an increase of ultraviolet light to reach the earth's surface with adverse biological effects. As the maximum ozone layer is well above SST cruising heights it is not thought that this region will be affected in any way whatsoever.
To sum up, we have considered some of the medical and biological problems affecting the crew and passengers of SST aircraft, and populations on the ground over which these aircraft will fly. Many more human engineering problems are involved in the successful operation of SST aircraft but time precludes discussion on these.
